The volume change of mixing data for the methanol + hydrocarbon binary mixtures have been compiled and the best sets of data identified. The needs for new experimental data have been defined.
Introduction
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Previous papers 1 ,2 have evaluated the vapor-liquid equilibrium (VLE), heat of mixing (HE) and volnme change of mixing (VE) data for two C 6 hydrocarbon + C 6 hydrocarbon binary systems. The objective was to identify the best data sets and to define the most pressing needs for new experimental data. The reports were designed to meet the needs of three types of users: experimentalists who need well-established test systems to check new experimental apparatuses; correlators who need thermodynamically consistent sets of VLE, HE, and V E data to test and support new correlations; and designers who need the best available data to design process equipment.
This report extends that work to include the excess volume data for the important alcohol + hydrocarbon systems.
As in the preceding evaluation papers, an attempt is made to establish selected values of VB at mole fractions of 0.25, 0.50, and 0.75. Hopefully, the availability of selected values at three mole fractions will reduce the practice of comparing data sets at only the midpoint. Whenever possible, recommended data sets are identified. If no data set can be recommended, the best data sets are identified. Needed·new experimental measu~ements are defined when appropriate.
The excess volume is the difference between the mixture molar volume and the pure component volumes,
The procedures used to evaluate the worthiness of V E data have been described and illustrated in detail in the first and last articles of a series offour back-to-back articles published previously. 1
Compounds Covered
Because ()f the large number of alcohol + hydrocarbon data sets in the literature, it was necessary to restrict the first part of the alcohol + hydrocarbon project to the methanol systems. Hydrocarbons of all carbon numbers were covered in a comprehensive literature research, but data of interest ( V E , mixture volume or mixture density) were found only for hydrocarbons in the C s to C 7 range. No data sets of any kind were found for hydrocarbons with more than seven carbon atoms. Volumetric data both below and above the critical temperature of the hydrocarbon components do exist in the literature for the methanol + acetylene, 3 methanol + ethane, 4 and the methanol + butane 5 systems. Those data are not given in a form which permitted conversion to V E values and therefore had to be excluded from the project.
Summary of Evaluation Results
The evaluation results for all of the useful methanol + hydrocarbon excess volume data sets found are summarized in Table L Each set of data is represented by a single  line in the table. The literature reference numbers are· the Master Reference List (MRL) numbers which were assigned to the individual documents when they were retrieved. Those numbers key the rlHtH set to the literRture citations in Table 11 . The data sets listed for each system are ordered with respect to temperature. In most cases, the data were measured at atmospheric pressure and a specific experimental pressure was not reported because of the insensi- tivity of such data to pressure. A pressure of 0.1 0 13 MPa was assumed for those data sets. Previous papersl have described the evaluation methods and the significance of the reported results. The five"possible q~lity ratings range from A for excellent data to E for very bad data. An N means the data were not sufficient to support any evaluation test and therefore no quality rating could be assigned. A multiple-letter quality rating is assigned in those cases where the evaluation tests which could be performed eliminated some quality ratings but did not distinguish between the remaining ones. For example, a data set with an F (fair) scatter rating cannot have a quality rating of A or B. In the absence of the comparison test to further characterize the data set, a CDE quality rating is assigned. In any event, the quality rating assigned to a set of data represents a summary of the individual test results.
Only two kinds of tests are applied to VB data. The first is a scatter rating which not only reflects scatter in the experimental data points but also reflects how well the shapes of the experimental data plots agree with the characteristic shape for the particular system _ Seven scMter ratings H.re used: E = excellent, G = good, F = fair, M = marginal, U = unacceptable, S = smoothed, and N = none.
The second test is a comparison of the data set values to the "best" V E vs T curves at three mole fractions: Xl = 0.25, 0.50, and 0.75. Usually, the deviation of an experimental data set point from the best curve drawn by the evaluator through all the data sets' points is expressed as a percentage. (The procedure for locating the best curve has been described in the V E paper in Ref. Those deviation values show how far the individual data set points deviate from the best curves established by the evaluator. The test compares data sets at the same temperature and also at different temperatures.
The use of a V E data set as a test system for a new experimental apparatus should be restricted to data sets with an A rating. A well-established test system requires multiple A-rated data sets at the given temperature.
The use of V E data sets for correlation purposes usually should be restricted to those with a quality rating of A or B.
In some cases one of the better C sets can be used when no A or B sets are available.
Selected Point Values
Before the three best V h vs T curves can be drawn at mole fractions of 0.25, 0.50, and 0.75, it is necessary to select the best point values at each temperature where multiple data sets exist. Often there will be enough good data sets at a given temperature--e.g., 298.15 KI_to select a very firm value which positions the best curve accurately at that temperature. Unfortunately, that. lS not t.he case at. any temperature for any of the methanol + hydrocarbon systems.
It was possible to establish V E vs T curves only for the methanol + benzene system-but without any firmly established "anchor" points. The methanol + pentane and the methanol + hexane systems have only one set of data each. All of the data sets for the methanol + cyclohexane system except two are below the upper critical solution temperature of45.87°C (319.02 K),6 and their regions of partial miscibility all include the Xl = 0.25, 0.50, and 0.75 points. The methanol + toluene system is miscible over the 252.05-333.26 K range for which data are available, but the points obtained from the one set with an E scatter rating and the four sets with an F scatter rating were too scattered to permit the location of meaningful V E vs T curves. As indicated by the reported V E data, the methanol + heptane system is partially miscible over the 291.50-298.15 K range covered by the available four data sets, and three of those four data sets report data on only one side or the other of the region of partial miscibility, which includes the Xl = 0.25, 0.50, and 0.75 points at all the data set temperatures.
There was no justification for anything but linear V E vs T curves for the methanol + benzene system. As shown in Table 1 . V E values at 0.25. 0.50. and 0.75 mole fraction could be determined with some degree of certainty only for eight data sets. The three sets with G scatter ratings were used to locate the straight lines: the Ocon, Tojo, and Espada (MRL 21323) set at 293.15 K; the Wood, Langer, and Battino The methanol + cyc10hexane system is partially misci- ....... .. Those other data sets where the minimum point could be located with any certainty showed a minimum point in the point decreases slowly as temperature increases, which implies that the system is moving toward positive deviation at all mole fractions. The data are too scattered to indicate which way the mole fraction of the minimum point changes with temperature. The four sets of data listed in Table 1 Figure 10 shows the miscibility gap at 298.15 K for methanol + heptane. Systems with miscibility gaps must of course be handled by a general correlation of mixture properties but first a new correlation formalism should be tested on miscible systems. Hence, new experimental work should concentrate first on the methanol + pentane system, and then move to the partially miscible and miscible temperature ranges for methanol + hexane and heptane. Hexane complements benzene and cyc1ohex-ane better than does heptane for the initial tests of a new correlation formalism.
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Pure Compound Densities
Pure Compound volume values are needed to calculate V E values from
when mixture density or volume values are reported. The author's pure compound values are always used if they are The purecompound volume values used for each set of data appear in the tabulation for the set (for examples, see (2) correlation using constants such as those listed in Table 10 . The Francis equation constants for benzene, cyc1ohexane, and hexane have been listed in previous papers. 1,2 The molar volume used for pentane for the single data set for methanol + pentane appears on the tabulation for that system. Table   10 presents the Francis equation constants for methanol, heptane, and toluene. The numbers of literature documents reporting liquid density or volume data for methanol, heptane, and toluene were 116, 50, and 111, respectively. The numbers of documents from which one or more data points were selected for fitting were 18, 46, and 78, respectively.
.
Data Set Tabulations
Only the best data for the various binary systems are tabulated in this paper. Copies of the tables and plots for the other data sets can be obtained from Professor Buford D. Smith, liox 119~, Washington University, St. Louis, Missouri 63130. Table 11 is the bibliography for the excess volume data for the methanol + hydrocarbon systems covered by this evaluation project. As explained above, the literature data for the methanol + acetylane, The identifying numbers in Table 11 are the Laboratory's Master Reference List (MRL) numbers. The MRL numbers relate the literature documents listed in Table 11 to the individual data sets listed in Table 1 .
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Sometimes documents report data in a form which does not permit transcription and evaluation. In most such cases, the data are presented only in graphical form. Even though their data sets do not appear in Table 1 , such documents are listed in Table 11 to provide complete coverage of all the literature data. 
